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—REASON FOR RESEARCH

x “The total direct cost of corrosion was determined to be Y
$279 billion per year, which is 3.2 percent of the U.S. gross
domestic product (GDP). Indirect costs to the user (S “\\\x
costs) are conservatively estimated to be equal to the direct

costs.”? \ \f
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IS DIFFUSION IMPORTANT TO
CORROSION?

‘% Corrosion is an electrochemical reaction of metals
with the liquid environment

» Why do we care about diffusion?
+ Corrosion requires electrical contact, electrolyt
+ Corrosive ion transport, CI

+ Corrosion inhibitors (chromates)

~+ Optimize drying cycles

+ DeSIgn better accelerated testing, prot -

dlffuses’?

oen, water chromates and o)
solvent or hydrolysis ‘product
1ls. pollus

i

._’1

-




Brian.Hinderliter@ndsu.edu 3/1/2009

DIFFUSION IS IMPORTANT FOR:

» Water and ion movement
+ Through coating |\
+ Around pigments, fillers and ion exchange

7' % Movement of corrosion |nh|b|tor

ACIOSS substrate coating interface

e




COATING AS A BARRIER

Fillers

Pigments

Binder

Air + water

Subsrrate

Figure 1. Sealing the underlying metal from contact with its
corrosive envira(rment, the barrier effect stops oxygen and
water from penetrating down to the steel to create corrosion.

eBarriers, such as coatings,
slow transport of water to
substrate
eDelay onset of corrosion
<Bottleneck for corrosion
progression
ePigments and fillers make the
diffusion path longer
elon exchange can remove
environmental hazard en route
e\Water acts as a conveyer for
ijons

Havard Undrum. (May 2006). Superior
Protection. Coatings World, 43-48.



LATERAL DIFFUSION

» Water advance water along the substrate

= The advance of the water front incl ‘ ‘a

” term as the water diffuses up thro
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IMPACT OF LATERAL WATER DIFFU Q

» Hydrolysis of adhesion bonds

» Reaction with residual contaminants (Cl)
-~ +0smotic pressure - blister formation
f’+,, Qerosion catalyst |
| ﬁs;-R,Qrt of active corrosion protectors

(1111l



TRANSPORT AT COATING-
SUBSTRATE INTERFACE

When corrosion
begins, diffusion

occurs in the plane of
the coating. Diffusion
IS required to balance

charge.
Often salt required to
defeat metal oxide
layer.

(LeChartlier principle)

- J.H. Park, G. D., H. Ooshige, A.

Nishikata, T. Tsuru. (2003).

. Monitoring of water uptake in

o. KO o, 1O , B0 Corrosion initiation
Anode: Fe —Fe?* + 2e-
Fe?*+2H,0—Fe(OH),+2H*
TCathodd 22 Cathoad ~ Cathode: 0,+2H,0+de"—40H-
T //,'m’y IR B
Rust
Ho Cathodic delamination
Rust 0, Cl 1,0 0, 4,0 Na*
| . ,0
. Fe + CZ"'
& AHOde £ Cathode b

organic coatings under cyclic
wet-dry conditions. Corrosion
Science, 45, 1881-1894.
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CORROSION NEEDS CONTINUITY

3 5-8 Environmental Degradation of Materials

Liquid environment

(electrolyte)
m
Oxidation Reduction
process process

] rﬂgfﬂﬂ : 5 B

'{# Schematic illustration of metallic corrosion



ASPECTS OF COATING SYSTEM THAT PROTECT
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» Surface topography
+Sanding

//» Surface cleanliness \
7/"';"' Chlorides and sulfides | |
ils (protect metal, reduce adhesi
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TESTING METHODS FOR CORROSION
PROTECTION
» Gloss
» Color

/. /» Contact angle 1\
'/ % Visual indication of blister formation
D jcult to test pretreatment or ¢
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ORGANIC BARRIER COATINGS

Organic coating

H,0 Metallic

substrate
O2

Prohesion test |
Drystep H
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IFFUSION

™ 5 Fall

CYCLIC

: ™~

x Surface is exposed to water, then dry air

» Real-life and accelerated weathering
+ASTM D5859 |

y/ /1 %1 week of:

(/¥ 4 hours UV exposure at 60C 1
+ 4 hours of condensation at 50C ‘

cek of:
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PHOTOCHEMICAL DEGRADATION
(WATER AT SUBSTRATE)

»x Average wet exposure duration
» Overall fraction of time exposed to wate

..................




EXPERIMENTAL SETUP

T Working electrode connection
Scraped paint filled = - -

With solution ‘.‘;ﬁ‘.:x
_ o R

Counter Electrodes




TEST

» Army Primer
- » Army Topcoat
%”fjj-larrison solution
/ 0 d’urlcr:ting Gels
tra ]|,
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Phase Angles
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IMPEDANCE TO 3RP CELL
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SUMMARY

» Lateral diffusion is being investigated tc
+ Surface preparations

+ Surface cleaning technologies
+ Pretreatments

¢ Test ng s designed test corqpl
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IMPACT OF LATERAL DIFFUSION

» Corrosion advance
+Time to connect cathodic and anodic 1

/% Concentration of the water needs 0 .
, sufﬂment for ion transport

pderstand metal surface treat \ u“
\ \
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INTRODUCTION
x Accelerated weathering protocol
+ Need to test system designed to last for decade

» Reciprocity shown based on dose (Chin e ‘\ \\ \\ 1

+ But accelerated weathering protocols don’ t \
/. environmental exposures

ulatlons allow: |

|cal processes can be combined (
[ |
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COMPUTATIONAL TOOLS AND SELECT
APPLICATIONS

» Finite element analysis

+ Electromagnetic response (EIS and Dielectric spectrosoop?
+ Diffusion
+ Multiphysics (couple the above)

I\/Ionte Carlo - Coating as a composite b =
: | e dlfference — coupled photode e dz
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WHY DEVELOP MODELS OF COATIN(G =k review 2009
SYSTEMS?

» Physically based equations/models allow: \\\
+ Extrapolation (Lifetime prediction) \\

+ Understanding of processes impacting measureme
(Occam’s razor) - enhanced/optimized desig|

+ Troubleshooting and new technology evaluati

+ Compare various accelerated weathermg st
various service environments
/, ' x Predicting service life and property changes
x Develop more realistic/ representatlv
ain |nS|ghts into degradatlon echani
n,
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February 2008
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